We evaluated the effectiveness of the Skhokho interventions (enhanced teaching materials and a parenting programme) in reducing dating and sexual violence. This pragmatic, threearm cluster randomised controlled trial was conducted in 24 State schools in Grade 8 classes, with all learners invited to participate. The interventions were: i) a schools' package: A Life Orientation (LO) curriculum workbook for the Grade 8 national curriculum and teacher training; ii) a workshop for caregivers and teenagers, supported by clubs in the second year. Arms were: a no intervention control, the schools' package, and the combined schools' and families' package. Learners were followed up for 18 months. The primary outcomes were the incidence of physical and/or sexual IPV, severe IPV and non-partner rape. At baseline, 3756 (61.8% of total) learners (aged 12-15) were interviewed and 3411 (90.8%) provided end line data. A third of caregivers and learners attended all four families' intervention workshop sessions. At baseline, 47% of girls and 29% boys were dating and 18% of boys and 2% of girls had had sex. Differences in the primary outcomes between study arms were not statistically significant, however all effects were in the direction of protection from violence and several secondary outcomes were significantly changed. For girls, the incidence of any IPV experience was aIRR 0.84 (95%CI 0.66, 1.07 p = 0.159) for the school's arm and the incidence of non-partner rape was aIRR 0.84 (95%CI 0.62, 1.14 p = 0.255) for the combined schools and families arm v. control arm. This under-powered pragmatic study's findings suggest a generally beneficial impact of the Skhokho interventions on a number of outcome measures, when viewed by both adolescents, caregivers and their teachers. These include measures of adolescents' exposure to violence, improved sexual health and reductions in several IPV risk factors. The intervention warrants further research.
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Introduction
Rape and intimate partner violence (IPV) are highly prevalent in South Africa [1, 2] . Perpetration generally commences in the teenage years, with IPV commonly a feature of early dating relationships [3, 4] . Most men who perpetrate rape do so for the first time as teenagers [5] . IPV and sexual violence undermine teenager girls' school completion, due to their impact on health generally and particularly teenage pregnancy [6] . Research conducted with school students in the rural Eastern Cape province of South Africa found that 26.5% of girls in grade 10 had experienced more than one episode of physical or sexual IPV and 5.6% had been raped by a nonpartner [7] , and 31.8% of boys in grade 9-10 disclosed perpetration of physical and or sexual IPV and 16.3% had raped a non-partner or participated in gang rape [8, 9] . Education itself seems to reduce women's risk of IPV and men's risk of perpetration [10, 11] , but its impact on sexual violence risk is less clear [12, 13] .
Developing interventions to prevent and enable responses to dating and sexual violence experienced by teenagers is a very high priority for violence prevention. The school setting potentially enables interventions to be delivered before dating or other sexual violence has been experienced or perpetrated and thus potentially enabled foundational beliefs, gender attitudes and behaviours to be changed. Almost all children attend school at some stage and mostly are retained in the system to grade 8, so there is a great possibility for access to the population at an impressionable age through schools. Schools are thus a critical setting and provide a valuable potential platform for intervention delivery and scale up.
Despite the strong rationale, schools are a challenging environment for effective sexual relationship and health intervention delivery. Most of the multitude of HIV prevention initiatives developed and tested in schools in South Africa and other Sub-Saharan African countries have not changed behaviour [14] [15] [16] . Interventions that have used the school setting and have been effective in prevention of partner violence have tended to use out of school delivery opportunities, and two notable examples with positive findings on some violence prevention measures, Prepare and Stepping Stones, were evaluated in South Africa [17, 18] . There has also been effect shown with the use of participatory methods and curriculum during class time, as seen with the Fourth R intervention in Canada [19] , and there may have been impact from a building intervention in Shifting Boundaries in New York, although the lack of a consistent result found in the building plus classroom arm raises questions about whether the building only result may have been due to chance [20] . An exception was the 'Good Schools' the participatory, whole school intervention in Uganda, which was shown to effect a reduction in corporal punishment at school [21] . Several other evaluations of interventions in the classroom space in schools conducted north America have not shown positive results on preventing physical or sexual dating violence [22] [23] [24] [25] [26] [27] [28] [29] .
There is a good argument to make for involving caregivers in violence prevention and the potential of parenting interventions for teenagers to enable protection in this regard. However, in low-and middle-income countries there has not been a great deal of research developing and evaluating such interventions. A recent randomised controlled trial from Thailand found a parenting programme improved relationship quality, less harsh discipline and better family cohesion [30] , and an intervention, Sinovuyo, evaluated in South Africa among families reporting conflict and 5-9 months after the intervention found caregivers and adolescents reported less poor supervision and more involved parenting, and caregivers reported several other positive outcomes [31] . These interventions did not examine impact on adolescents' risk of violence. Two systematic reviews of parenting programmes have failed to identity other evaluated programmes for caregivers of adolescents [32, 33] .
In South Africa, the context for scalable violence prevention in State schools is framed by the national curriculum. This includes a lesson of Life Orientation (often called LO), taught in all grades, that covers relationships, health, citizenship and preparation for careers and work. Its content includes gender equity and violence prevention. In 2011 when this research was conceptualised, there was a Curriculum and Assessment Policy Statement (CAPS) for LO which stated the topics, session objectives and duration for the entire school year per grade, but teaching materials were not specified. Life Orientation provided a very positive opportunity for intervention to prevent violence, but schools also have many problems. South African education has been scarred by the apartheid policy of Bantu Education, through which Black Africans were denied decent education. Two decades after the end of apartheid, the country still struggles with this legacy, and educational outcomes are unacceptably poor and between 60-80% of schools are viewed by educationalists as dysfunctional [34] . Many teachers are not able to teach, and engage in anti-social activities, including use of physical and sexual violence against students, often with protection from their trade unions [34] . Corporal punishment in school was banned in 1996 but in 2012 half of all students in a national survey disclosed having experienced it [35] . The tolerance of authorities to its continuation is explained in terms of classroom discipline, which is an acknowledged major problem [36] . Hearings on school violence of the South African Human Rights Commission have shown that schools are often the place where students feel least safe [37] .
Educationalists have considered the question of how South African schools can be made into empowering transformative spaces and argue that to do these three key players in a school need to be engaged. These are teachers, students and the caregivers [38] . Furthermore, success in changing gender norms in schools, requires the availability of interventions: i.e. an appropriate curriculum, student support services, policies to strengthen the institution, and attention to interactions in the school, for example the gender climate and the interpersonal aspects of teaching. An example of the latter would be training teachers in how to teach and addressing their values and attitudes as well as training them in what to teach [38] .
The Skhokho intervention package was developed with the goal of addressing the drivers of rape and IPV among adolescents [39, 40] . We considered how they were manifest in the adolescents' social environment and thence how we should intervene on them, as shown in the Theory of Change (Fig 1) . Subsequent to the start of the study we analysed baseline data on IPV risk factors and these largely confirm the theory of change [41] . Drawing on the education theory summarised by Morrell and the framework of the national LO curriculum, we developed interventions to impact the manifestations of the drivers of IPV and rape. This paper presents the results of a randomised controlled trial which was conducted to evaluate the impact of the Skhokho intervention in schools in Tshwane metropole, South Africa. We hypothesised that Grade 8 learners exposed to the schools intervention would have a lower incidence of IPV and non-partner rape experience (girls) and perpetration (boys) and that those who had the combined schools and families interventions would have lower incidence still.
Methods
The study was a cluster randomised trial, with the cluster design chosen because the intervention is delivered to grades in schools. It was set in high schools among the Grade 8 year, located in the environs of Pretoria (the metropolitan area of Tshwane) and the unit of randomisation was a high school. We compared three study arms in the trial: there was a control arm, which was essentially business as usual within the eight randomly selected schools; the other two arms both receiving the schools intervention package, and in one of these arms, caregivers were invited to attend a 4 day workshop with their child on parent teenager relationships (the "families" arm).
Interventions
Thus, both the interventions arms received the schools' intervention, and in addition one arm received the family's intervention. These are described in the intervention panel ( Fig 2) . All of the children in Grade 8 should have received the schools' intervention, irrespective of study participation, and all those in the families' arm were invited to the workshop. Our study was a pragmatic trial, with all of the interventions implemented as if in broader community roll-out. The LO teacher training and positive discipline sessions were facilitated by project staff. The schools' normal Life Orientation (LO) teachers delivered the LO lessons. Because the LO intervention was delivered in regular school classes, we do not have information about attendance, but we were able to ascertain that the workbook was used in each school. The standard LO materials were also available to teachers, and some had materials from a range of other sources, and so we could not verify fidelity to the workbook. The workshops' and school clubs were facilitated by pairs of project staff (mostly female), who were employed, trained and supervised by the SAMRC. The workshop facilitators were paired according to their age, to ensure that older facilitators conducted the caregivers' workshops and the younger facilitators conducting the teen's sessions. The sessions were held on school premises at weekend. Caregivers and teenagers were provided with tea and lunch in the workshop, and a light snack in the school clubs. The caregivers participating in the workshops were given R50, and teenagers given R20 at the end of each session to reimburse the cost of transport used to attend the workshop as most of them were staying far from the school.
Research design
The schools constituted twenty-four clusters. Eligible high schools were approximately 3 km from the nearest school (to minimise contamination of study arms) and were willing to participate (established through a process of school mobilisation). They were State secondary schools that taught in English that were within 50km of the SAMRC office in Pretoria. We excluded former model C schools (high fee-paying, elite State schools) and schools teaching in Afrikaans because of the heterogeneity they would have introduced, and the financial and operational complexity of making available classroom materials in two languages. The schools were grouped into three geographical strata and equal numbers of clusters were allocated to each arm, within each stratum. The balanced allocation sequence for each stratum was generated by the study statistician (CL) based in Cape Town using a table of random digits, who had no particular knowledge of schools in the study area. Schools were recruited prior to randomisation. The clusters were identified and randomised at the end of one academic year and soon after the start of the next the participants were enrolled. There was no blinding as for logistical reasons and randomisation was done before individual study participant recruitment.
In each school we sought to recruit the entire Grade 8 and enrol them in a closed cohort for the study. Schools were mixed sex and the 8 th Grade ranged from 140-442 students. Recruitment started with a general meeting of the caregivers and pupils where the study was explained. Pupils were then given consent forms, the study brochure and information sheets, and asked to take them home to their caregivers, with a request that they be signed to indicate if caregivers did or did not consent to their child's participation. To incentivise return of the forms, we held a raffle in each school, with raffle entry for those who had returned a caregiver consent form (whether agreeing or otherwise to participate). We made a video explaining about the study and one to explain about the raffle.
All children who returned caregiver consent forms and agreed to participate went through a formal consent procedure where a project staff member read aloud the study's consent form to the class and gave an opportunity for questions. Informed consent forms were given to the children and they were invited to sign. We paid no incentives for intervention attendance nor to children for interviews.
Sample size
The sample size, i.e. the number of clusters required in each arm, was calculated using the method of Hayes and Bennett [42] . The calculation assumed that the effect (as measured by incidence rate ratio) would be homogeneous for males and females, and assumed a 12 month cumulative IPV incidence rate (averaged over males and females) in the control arm of 10% and that 18 month interviews providing data for incidence results would be obtained assuming 200 person years of follow up per school (133 students followed up for 18 months). The 10% estimate was an extrapolation from research from Cape Town with the same age group where physical IPV perpetration (reports by boys) and victimisation (by girls) in the past 3 months among Grade 8 students was found to be 3.9% and 6.6% respectively [43] . We anticipated 250 students per grade enrolling in the study and that allowed for about 20% loss to follow up, or fewer initially recruited. The sample size calculation required an estimate of k, the between cluster coefficient of variation of the outcome measure; we used k = 0.20. A sample size of 8 clusters per trial arm would then give more than 80% power to detect as statistically significant at the 5% level a 50% reduction in IPV incidence. This level of incidence reduction has been previously achieved in IPV prevention intervention evaluation [44] , but was chiefly chosen to match the sample size with available resources.
Questionnaires were administered in class after the school teaching day, and prior to the start of the family's intervention (baseline), and after approximately 6, 12 and 18 months. Completion took about an hour. The baseline interviews were staggered over a three-month period (February-April 2014) and this was after the start of the LO curriculum (taught from mid-January). The first follow up round (which we call 6 months) was between August and September 2014, the 12 months interviews were held from (February-April 2015) and endline interviews (which we refer to as 18 months follow up) were from August-September 2015. Participants were located for repeat interviews using details collected at enrolment. If they had moved within the study area, we tried to find them in their new location, or at home. We tracked participants ID numbers to enable linking of different rounds of interviews with an electronic thumb print reader.
The researchers worked closely with the National Department of Basic Education's Social Cohesion and Equity Unit and gained support from the Director General of the Department of Basic Education. Permission to work in Gauteng Schools was given by the Gauteng Department of Education, and letters were provided by the Tshwane district offices. The SAMRC Ethics Committee gave approval for the study. We had a community advisory board comprising teachers, educational officials, national schools governing bodies associated representatives, Principals, some caregivers and learners. Consent for the research was signed by caregivers and by learners (as described above) but all interventions were offered to all pupils (whether or not consented for and involved in the research). All children in the class were given a pocket booklet with phone numbers for help for a range of different problems from violence to substance abuse. Any child who specifically identified him or herself as in need of help during the study period was taken by teachers to appropriate services, as per standard practice.
Questionnaire
The impact of the intervention on behaviour and attitudes was assessed with a questionnaire self-administered in Sepedi or Setswana or English on an iPod touch platform. The learners listened to the questions on headphones and read them on the screen. The outcome measures, indicators and assessment are described in Table 1 . We had initially intended to have another secondary outcome on the incidence of emotional abuse (captured by 3 questions) but we did not pursue this as the incidence was too high to be meaningful as a study outcome. Where we developed our own measures, we first reviewed other measures/scales on related topics, then as a study team went through and adapted where we thought necessary based on our previous experience doing research with similar populations in South Africa, then we piloted the questionnaire with a few pupils to ensure that items were understood.
Study participants completing the 12-and 18-month interview were asked a question about how honest they were in completing the questionnaire, with five response categories between 'completely honest' and 'not honest at all'. We classified a person as 'honest' if they reported having been 'fairly, very or completely' honest at their last interview.
Interviews with caregivers and teachers
Interviews were also conducted with the caregivers who indicated an intention to attend the family's intervention and with teachers from the schools. We hypothesised that the intervention might reduce IPV experienced by female caregivers, as well as reduce patriarchal gender attitudes and strengthen measures of parenting and communication with the child.
The caregivers research was a modified interrupted time series. Caregivers were recruited during the school meetings, and those who agreed to participate were requested to come to school on an agreed Saturday. The first two Saturdays were used for data collection (two baselines) and then the workshops commenced. Caregivers gave written consent to participate in the research. the questionnaire was self-administered on an audio-assisted PDA in English, Sepedi or Setswana. They were invited to complete the same questionnaire on three further occasions: 6 months after baseline, 12 months and 18 months later. The caregivers interviewed at the follow up points were located through their addresses and phone numbers, and largely interviewed at home. The analysis followed intention to treat. To recruit teachers, project staff went to the staff room during lunchbreak. They started informally chatting about the research and to those who indicated interest were invited to consent to the interview. The teachers interviewed were an open cohort, that is at baseline, 12 months and then 18 months those interviewed were dependant on who was available and willing. An incentive of R50 (less than $4) was given after each parent and teacher interview. The main measures used in the caregivers' and teachers' questionnaires are presented in Table 2 . All participants including learners, teachers and caregivers were given an opportunity to withdraw and refuse an interview at any data collection point.
Data analysis
The analysis was intention to treat and thus included all learners for whom we had baseline and end line data but excluded those lost to follow-up at 12 and 18 months. We looked for any association between loss to follow up and intervention arm. Analysis of the primary outcomes (IPV experience amongst girls and IPV perpetration amongst boys) involved comparing incidence between the three study arms. An incident case of IPV or non-partner rape was one reported by a learner at the 12 months interview or, if not at 12, at 18 months. We did not include IPV responses at 6 months follow up as it was felt the time period was too short for a clear intervention effect and the IPV assessment measures asked about exposure to an (specific) act of violence 'in the last 12 months', so the question at 6 months included a pre-intervention period. We calculated person years of exposure as the time from baseline to the first report of IPV if the learner had dated at baseline, or half the time between the last report of not dating and the first report of dating plus time (if any) to the first report of IPV. We classified a learner as having 'dated' if they ever reported this, even if other information was contradictory. For learners remaining IPV free at the end of study, if dating throughout, person years of exposure was the time from baseline to the last interview.
Poisson regression modelling was used to compare incidence between the control arm and the two intervention arms, adjusting for clustering within schools and stratification by area. We considered baseline individual-level covariates for inclusion in the models: age, baseline IPV perpetration (boys)/experience(girls), race, family gender attitudes, childhood trauma experience, a learner's school engagement score, alcohol or drug use and having ever had sex. We also included school-level summaries of the teacher's perception of the school environment and teacher's negative behaviour as covariates to account for any differences in environment among the schools. We fitted separate models for boys and girls Poisson regression modelling was also used to compare 12 months prevalence of non-partner violence experience/perpetration. The denominator for this analysis was all learners. Two sets of analysis were done for primary and secondary outcomes, one adjusted for honesty.
For secondary outcomes derived from scales, such as gender attitudes, communication and bullying, we calculated a score from scale items at each interview time point (baseline, 6 months, 12 months and 18 months). We used full maximum likelihood estimation to deal with missing total scores due to a missed follow up or due to a participant non-response. Prior to using full maximum likelihood estimation method, we examined patterns of missing item scores for each scale (outcome) at each time point. We also examined the proportion of missing item scores for each scale at each time point. The proportion of learners with missing item scores (partial missing or all missing) for the different scales ranged from <1% to 11%, with highest proportion of missing responses occurring at the 18m follow up. We also checked if there was any relationship between non-response to a scale and treatment arm, or with learner's social demographic characteristics. As a sensitivity analysis, we imputed missing item scores using individual participant's mean or using item mean adjusted for treatment arm. We then compared the overall mean scores (total score mean) between the 2 imputation methods and also against overall mean score with no imputation and found no significant difference in the scale means. With less than 15% of participants having missing total scores for the different outcome variables at the different time point, we preferred to use the full maximum likelihood method to account for missing data in the analysis. Linear mixed effects models (multi-level model for change) were used to compare changes in continuous secondary outcomes over time between the control arms and the intervention arms [45] . The fixed effect terms included study arm, stratum, baseline covariates (as listed for the primary outcome) and time of interview, while the random effects were school with time point of interview as a covariate. The modelling also involved assessing any interaction between study arms and time. Kenward-Roger method was used to calculate denominator degrees of freedom in order to account for the small sample bias due to small number of clusters in each study arm [46] . We used a log-likelihood ratio test to compare any nested models such as a model with random intercept only against model with random intercept and random slope. Residual plots were done to check for model fit and normal distribution assumptions.
Logistic regression was used to compare binary outcomes such as condom use, engagement in transactional sex and use of contraceptives. The denominator for these binary outcomes was learners who had ever had sex. We compared incidence of pregnancy between arms using Poisson regression modelling, taking into account clustering by school. The exposure time was calculated the same way as in IPV and we used all learners as the denominator.
The analysis of the teachers' data followed same procedures as in the learners in order to compare the intervention arms to the control arm. We also assessed the effect of positive discipline training on corporal punishment perpetration by teachers. For each outcome, we fitted a second model that adjusted for a teacher's overall acknowledged honesty in responses but do not present this as the impact was negligible.
Analysis of data from caregivers involved fitting a random effects regression model for each outcome and measuring the slope of the line across the time points to assess the trend. Separate models were fitted for male and female caregivers. We calculated the mean at each time point for each continuous outcome. 
Results
The trial profile is shown in Fig 3. No schools (clusters) were lost to follow up. Twelve months follow up rates overall (across arms and genders) were 84.5% and at 18 months the overall follow up rate was 83.6%. There was little difference in follow up by arms (p = 0.47 for boys and p = 0.476 for girls). Loss to follow up was mainly because participants had moved home and could not be located. The main analyses for this study required pupils to have been enrolled at baseline and interviewed at 12 and/or 18 months follow up, and overall 90.8% of pupils were available for the final analysis. There were six serious adverse events among learners during the study. Three of the learners died, one was imprisoned, one was robbed of a cell phone at the school gate before an intervention session, and one child was reported to social workers due to parental alcohol abuse and child neglect. All deaths were from natural causes.
Intervention attendance
In the schools that offered Skhokho for Families, there were 1376 children who were interviewed (of 2071 in Grade 8 in these schools) and 1144 of their caregivers agreed to participate in the project and themselves completed an interview. Of these, 562 ( Table 3 shows the learners' baseline characteristics. As expected for Grade 8 in Tshwane schools, most participants were aged 12-15 years (2.7% of girls and 8.3% of boys were older than 15), were Black African (92% of girls, 90.8% boys) and many did not live with their biological caregivers, especially their fathers, and nearly one in five did not live with their mother. The population was fairly low income, with many male caregivers unemployed (affecting 28% of boys and 32.7% of girls). Female caregiver unemployment was even higher. Only two thirds of families lived in brick houses. Just under half of girls (47.3%) and a quarter of boys (28.9%) had a girlfriend or boyfriend and few girls (1.9%) but many more boys (17.6%) disclosed having ever had sex. The two arms were very similar, for both boys and girls, although the control arm girl participants were less likely to be Black African and more likely to live with their biological father.
Learners' findings
There was no association between honesty and treatment group (p = 0.459 for girls and p = 0.206 for boys), however honesty of girls and boys differed, with 89.5% of girls and 84.1% of boys in the control arm asserting that they were honest, 91.6% of girls and 80.6% of boys in the schools arm and 90.3% of girls and 79.6% of boys in the families arm. For girls and boys, honesty declined with increasing age (in both cases p<0.001) (data not shown). Table 4 shows the results for the comparison of incidence rates of physical or sexual IPV and non-partner sexual violence between the three study arms. The incidence of physical or sexual IPV was higher in all measures in the control arm than in the intervention arms. For boys, for any IPV the incidence rate (IR) per 100 person years were (33.3,31.8,31.1) for control, schools and families arms respectively and for girls, they were (29.1,26.0,26.8). For severe IPV rates for boys they were (26.3, 24.7, 26.1), and for girls (18.7, 15.8, 17.2) . The adjusted incidence rate ratios were in all cases less than 1.00 but none were statistically significant. For boys, for any IPV the IRR for the school's arm was 0.92 (CI: 0.72-1.17) and for the family's arm IRR 0.90 (CI:0.71-1.13). For girls, for any IPV the IRR for the school's arm was 0.84 (CI: 0.66-1.07) and for the families arm 0.88 (CI: 0.70-1.11). For severe IPV, for boys the IRR for the school's arm was 0.94 (CI:0.72-1.23) and 0.98 (0.76-1.25) for the family's arm. For girls in the schools arm it was 0.89 (CI: 0.64-1.23) and 0.98 (CI:0.71-1.34) for the family's arm. For non-partner rape, for boys the IR was 17.6 in control, 18.2 in schools and 17.3 in the families arm, with the IRR 0.99 (CI:0.74-1.31) for the schools arm 0.96 (CI:0.74-1.26) for the families arm. For girls the IRs were 12.3, 11.3 and 9.7 respectively, with the IRRs 0.94(CI:0.69-1.27) and IRR 0.84 (CI:0.62-1.14) for the schools and the family's arm. Table 5 shows the results of the analysis of the other outcomes for boys. Less childhood trauma was reported among boys in the schools arm compared to the control arm with an Estimated Mean Difference (EMD) -0.73 (95%CI -1.41, -0.04, p = 0.037)) and some evidence of change in the same direction in the families arm (EMD = -0.13 (95%CI: -0.81-0.55, p = 0.685). Bullying was lower in the group with the schools intervention (EMD = -0.52 (95% CI -0.96, 0.08) p = 0.022)) and the effect was in the same direction in the families arm (EMD = -0.30 (95%CI -0.74, 0.14, p = 0.18)). The gender attitudes score improved across the intervention arms and the difference was statistically significant in the schools arm (EMD = 0.82 (95% CI 0.24, 1.39) p = 0.007)) and in the same direction in the families arm (EMD = 0.34 (95%CI -0.23, 0.92 p = 0.236). There were two measures of communication and in each case a higher score would denote better communication. The general direction was of better communication, and for boys in the school's arm this was significantly better than the control arm boys (p = 0.04). Table 6 shows the results of the analysis of the other outcomes for girls. There was a reduction in reported bullying in the anticipated direction for both intervention arms, EMD = -0.23 (95%CI -0.56, 0.10 p = 0.159) for schools and EMD = -0.34(95%CI -0.67, -0.01 p = 0.042) for the families arm. There was also a reduction in depression EMD = -0.774 (95%CI-1.50--0.05, p = 0.037) for the school's arm and EMD = -0.64 (95%CI -1.36-0.091 p = 0.083) for the families arm. As for the boys, the communication measures indicated change in the direction of better communication. Table 7 shows an analysis conducted among girls and boys who said they had ever had sex. The variables examined were condom use, contraceptive use and transactional sex, and girls were asked about pregnancy (reported at 12 or 18 months but not at baseline or 6 months). Reported condom use was higher among boys (aIRR 1.35 (95% Cl: 0.94-1.95) p = 0.107) and girls (aIRR 1.67 (95% Cl: 0.93-2.77), p = 0.087) in the school's arm. In the family's arm there was no evidence of impact among boys (aOR 0.98) but among girls the direction of effect also suggested more condom use (aOR 1.39 95% Cl 0.78, 2.48 p = 0.26). There was also an indication that contraceptive use was also higher among girls in the school's arm (aIRR 1.64 95% Cl 0.95, 2.84, p = 0.079) and the families arm (aIRR 1.48 95% Cl 0.83, 2.65, p = 0.184). The consistent direction of effect was of a reduction in all intervention arm measures of transactional sex but all 95% Cls were wide. Ever having been pregnant was more often reported by 3.4% of girls in the school's arm and 2.4% in the control arm (aIRR 1.88 95%CI 0.89, 4.00, p = 0.1). In the per protocol analysis, there was no transactional sex reported among the girls who attended the families workshops and their pregnancy rate was substantially lower than control girls (0.7% v. 2.4% aIRR 0.42 95% CI 0.09, 2.05 p = 0.28).
Caregivers' findings S1 Table shows the characteristics of the caregivers who attended the Skhokho for Families intervention. Overall there were 857 women and 251 men who were interviewed at baseline. Most caregivers were aged between 30 and 49 years (S1 Table) . Nearly half of the caregivers had completed high school themselves (Matric) or had tertiary education. Half the male caregivers (53.4%) were married compared to 34.5% of female caregivers. Three quarters of the caregivers were biological or stepparents and a quarter were grandparents or siblings. Overall 39% of children were orphaned (one or both caregivers). The families generally had very low income. The change in health, parenting and gender attitudes are shown in Table 8 for caregivers who completed the last round of interviews. The analysis was also performed on data from all caregivers available for each interview time point and showed the same patterns (data not shown). From reports of the female and male caregivers, the impact of the intervention was very similar. There was evidence of sustained improvement in communication with their children (p = 0.12 for men and 0.043 for women), and sustained improvement in knowledge of the child (p<0.001 for both). There was a significant and sustained improvement in parenting stress (p = 0.014 for men and p = 0.004 for women). There was little change in the measure of positive parenting, but negative parenting significantly declined (improved) for women (p<0.001) and men (p = 0.003). There was some evidence of improvement in individual gender attitudes (p<0.001 for both) and improvement in perceptions of gender attitudes in the community (p = 0.012 for men and p<0.001 for women). There were also improvements in self-reported health (p<or = 0.001 for both). The overall measure of childhood trauma showed significant reduction of trauma over the 18 months (p<0.001 for both). There was a substantial reduction in the proportion of women who found it offensive talking about sex with their children (p<0.001), but little change among men. The reported intimate partner violence experience of female caregivers interviewed at round 5 is shown in Table 9 (the same pattern was seen for all female caregivers, data not shown). The women reported significantly less emotional IPV in the last 6 months across the time points (p<0.001), and thus less past 6 months IPV (p = 0.005), but the same was not seen for the other measures (Table 9 ).
Teachers' findings
The three study arms were similar at baseline in the sex of teachers interviewed (proportion female: 41.4% in control, 39.4% in schools, 34% in families, p = 0.187), as well as the period they had worked at the school (mostly over 10 years) (p = 0.627). There was some evidence that there were more older teachers in the families arm as 36.5% of teachers were over 45 compared to 23.6% in the schools arm and 29.6% in the control arm, and the families arm had the fewest teachers under 30 (18%) compared to 32.4% in the schools arm and 27.2% in the control arm (p = 0.136). Table 10 shows the mean scores at each time point for teachers' perception of their school environment and challenges at school. At baseline the teachers in the control school had the Table 9 . IPV experience by female caregivers (among those interviewed at baseline and round 5) in the family's intervention.
Pre-Intervention
Post most positive assessment of the school environment. By 18 months this somewhat declined but the environment in the schools' arm and even more in the family's arm schools was rated more positively. The test for the effectiveness of the interventions overtime relative to the control arm is shown in Table 10 and this shows that at 18 months teachers in both the schools and the families arms rated their school environment significantly better than that of the control schools. EMD = 1.41(95% Cl 0.15, 2.67 p = 0.029) for schools and EMD = 2.34(95% Cl 1.00, 3.68 p = 0.001) for the family's arm. Teachers in the control and the family's arms assessed the problem of bullying in their schools at about the same level at baseline. At 12 and 18 months the problem of bullying was reported as lower in both schools and family's arms but the trend was not statistically significant (p = 0.3 in both cases). Teachers self-reports of negative behaviour among teacher colleagues were significantly fewer in the control arm than the school's arm at baseline and there was some evidence that they were better than in the family's arm. There was a trend towards lower scores in all schools, but no statistically significant change.
Self-reported work stress was similar across schools at baseline and was higher in all schools at the 18 months measure, but the overall trend was of a reduction in reported stress over time in the intervention schools (p = 0.12 for schools arm and p = 0.10 for the families arm). At baseline 6.5% of teachers in the control arm admitted having used corporal punishment in the last 6 months, compared to 14.3% of the school's arm and 13.5% of the family's arm teachers. The trends in reduction overtime were in the direction of lower corporal punishment in intervention schools but the effects were not statistically significant. Greater effects were seen in an analysis adjusted for attendance at the positive discipline training but these were still not significant (schools arm EMD = -0.95 (95%CI -2.19, 0.29 p = 0.132) and the, families arm EMD = -1.10 (95%CI-2.40,0.20, p = 0.097).
Discussion
This was a pragmatic randomised controlled trial and it was substantially under-powered. The planned number of schools were enrolled but the number of children per class who contributed to the primary outcome analysis being much lower than intended. Thus, caution is needed in interpreting results and the consistency and direction of effect is more informative than the actual tests of statistical significance, but the findings have considerable generalisability to a 'real life' teaching situation. The primary outcome for this study was IPV incidence and we did not demonstrate that exposure to the interventions resulted in significantly lower IPV incidence, however across all the measures of IPV there was a trend of lower IPV (whether any or severe) per intervention arm compared to the control arm. The same was seen for non-partner rape perpetration. Generally, the adjusted incidence rate ratios were lower for girls than boys and those measures for which this was the lowest, any IPV experience and non-partner rape, suggest the protection may have been in excess of 20%.
The central question in interpreting the findings is: did the interventions work? An easy answer would be that without statistically significant findings we must conclude that they did not. We are aware that not all interventions used in schools are effective and some research from the USA has shown than environment measures (restraining orders, posters and a security presence) may be better than a very brief classroom based intervention [20] . However, our study was substantially under-powered and so we need to be cautious about overly relying on p�0.05 in interpreting the findings. We have rather pulled together a range of different pieces of information which we suggest point in the direction of benefit from the intervention. This does not preclude the possibility that further adaptation of the interventions based on the experienced of delivery may strengthen their effects.
The evidence that there may have been benefit from the intervention is supported by the secondary outcomes, which show less childhood trauma, bullying and more equitable gender attitudes in the schools intervention arm among boys, and less depression and bullying among girls. There was also evidence of impact on sexual and reproductive health with some evidence to suggest higher condom and contraceptive use among girls, and among boys in the school's arm. This was supported by findings of no transactional sex reported by girls attending the intervention in the family's arm and fewer pregnancies.
The evidence of impact from the intervention is strengthened by the findings of the caregivers' reports. Whilst these are a non-control comparison finding, they show improvement in communication and knowledge of their child, lower childhood trauma perpetration, more equitable gender attitudes and lower parenting stress and better health. Female caregivers also reported less exposure themselves to IPV. The findings of the teachers' interventions showed a general perception of a better school environment in the intervention schools. Taken together these results suggest that the Skhokho intervention is promising and deserves further research in a trial which is appropriately powered.
The incidence rates of violence reported by the dating Grade 8s seemed to be quite high and were much higher for boys than for girls. For girls, this is not out of keeping with other South African research on IPV, for example Russell et al found that 39% of dating Grade 8 girls in Cape Town had experienced physical IPV in the last 3 months [43] . However, the much higher prevalence of IPV and rape perpetration by boys than experience reported by girls is surprising. Although we asked about honesty and have adjusted analyses for selfreported honesty levels, we do not know how honest the children were in answering the honesty question. Thus, we may not have eliminated the problem of exaggeration of violence perpetration reporting by boys and this may account for the much lower degree of impact shown on the violence perpetration outcomes. The honesty adjustment did not make a very great difference, but we did note that the direction of benefit from the honesty adjustment was such that dishonest boys were exaggerating their use of violence against girls and women. This very likely reflects perceived social pressure on this age group of boys to demonstrate that they are in control of their girlfriends, a masculinity described among other male youth [47] .
Change was seen in several secondary outcomes for boys and girls, but not across all of them or all intervention arms. There was a difference in the boys' and girls' assessment of communication, which were in the right direction by with no significant change shown, and caregivers' own perceptions of improved communication. The difference may be explained by the fact that only 33-40% of the children in the family's arm analysis attended the intervention, whereas most of the caregivers had attended some of it. The finding of a reduction in bullying in both boys and girls is important as bullying is a key risk factor of IPV and non-partner rape perpetration, found in this study and reported elsewhere [41, 48] . As is the reduction in depression in girls as this is another sign supporting the overall emerging picture suggesting that there may have been real change due to the interventions.
The main strength of this study is that it was a randomised controlled trial of a holistic school's intervention with some evidence of impact on boys' and girls' reports on a set of gender-based violence measures. There have been remarkably few randomised controlled trials conducted in Africa to evaluate whole school interventions to prevent violence. Our interventions had an impact on IPV experience and perpetration of a much more modest degree than the 20-40% reduction often found in violence prevention trials [17, 49] . However, if our impact on IPV reported by girls in the school's intervention was to be a realistic result (and only study replication will confirm this), then our interventions could be very important. The cost of providing our LO workbook to Grade 8 classes is minimal, given that learners are provided with such materials anyway, and the cost of providing about 3 days of extra training to LO teachers is also very low and it is possible that it could be provided by changing the focus of courses that the teachers already attend. We suggest that for very little investment the schools intervention could be scaled up nationwide and across an entire national cohort of grade 8s a reduction in violence of the degree found in this study would amount to a very large number of incidents of violence averted. The impact on sexual health and depression and gender inequitable attitudes are also incredibly important across the schooling system. Mental health and gender attitudes are key drivers of IPV perpetration and experience and so a sustained improvement in these would result in longer term IPV reductions [50] .
The family's intervention seemed to particularly contribute to enhanced non-partner rape prevention in girls, better sexual and reproductive health and less bullying. It is more costly and complex to deliver, but clearly it met a perceived need in the community and potentially impacted caregivers' well-being as well as that of other siblings in the home. Our findings suggest a real perceived need here and that it should be subject to further research. The finding that caregivers report greater impact from the families interventions than children was also a pattern seen in the Sinovuyo evaluation and needs to be better understood [31] . It is possible that this is partly due to measurement error being less for adult respondents.
The trial has weaknesses which may impact on the interpretation of the results. Randomisation occurred prior to recruitment. No schools declined to participate in the study because of their allocation, but it may have influenced individual (or related parental) consent to participate. School classes were smaller than we anticipated before collecting actual class numbers and in total a third of caregivers did not give consent and a few learners with parental consent did not themselves consent (or were not present for interviews). This substantially reduced the sample size for the study overall and rendered the study underpowered. The problem was also compounded by the small proportion of learners who were dating, and the fact that at this age 'dating' often means something very different from its meaning in older age groups [51] . In this context the interpretation of results probably more safely follow the principle used in interpreting the results of the SASA trial in Uganda, where looking for consistency and change in the anticipated direction was seen as particularly salient [44] .
In the context of South Africa, we do not expect the lack of caregiver consent to be an indication of non-acceptability of the intervention or the research to caregivers, as generally researchers working with adults find few people who are asked to participate in research decline. It is more likely that the caregivers, in most cases, were not shown the consent form by the learners. This may reflect poor caregiver teenager communication, especially in the context of many not living with biological parents, and it may reflect learner apathy, which is also a problem in South African schools. Since the interventions were offered to the schools and learners in the two intervention arms irrespective of research participation, and the uptake of the caregiver teenager workshops was surprisingly high, and among those doing the interviews loss to follow up was very low, it is not very likely to have reflected unacceptability of the interventions or research process.
We have no way of knowing the extent to which there was fidelity to the classroom-based LO intervention, our design is therefore an assessment of the impact of making the materials available in schools rather than the impact of the LO materials themselves, which fits with the description of this as 'pragmatic'. There is often a failure of schools to follow the national LO curriculum in general, with the syllabus often not finished and LO lessons commonly being skipped or re-directed to gain, for example, an extra maths period. Further by offering teacher training we noted that some teachers cycled in and out of LO teaching, even within a single school year, which is very disruptive. We also noticed that a number of teachers who had made a career teaching another subject were given the LO class in the months before their retirement.
The participation of caregivers in the Families workshops needs to be put in context. In South Africa there is a really little parental participation in normal public schools (there is more in the privileged public schools known as Model C schools which were not in our study). It is commonly said that at most 5% of caregivers attend meetings called by schools, although we are not sure of the origin of this statistic. We found that two thirds of invited caregivers were willing for their children to participate in our research and about half of these (which is about a third of all caregivers) came to the first workshop, and by the end just under a quarter completed all four workshops. Given that workshop participation had to compete with Saturday work, funerals, weddings and community events, family shopping and Saturday churches, this level of attendance seems pretty good. It is clear a testament to the importance caregivers give to addressing the problem of relationships with their children and the fact that attrition was not higher, speaks to the perceived value of the workshops. This is supported by (unpublished) qualitative data. Having said this, our families intervention was only delivered to between half and a third of learner research participants and their caregivers in the combined schools and families arm schools and this will have impacted on the ability of this intervention to show effect in the intervention arm. Unfortunately, our limited sample size has made meaningful sub-group analysis very difficult. The parents' results are encouraging, but we had no control arm and are aware that results are always vulnerable to a Hawthorne effect. We were encouraged by the fact that we didn't see a uniform change in all indicators, as hypothesised, as in real life this is rarely seen and the lack of uniformity gives greater confidence in the veracity of reporting and thus in the findings where change was detected.
We used dating as a denominator in the analysis of the main outcome (IPV), but are aware that South African research shows that some of those 'dating' may not be 'dating' as older adolescents and adults know it [51] . For example, 'dating' in this age group may mostly involve much texting and very little contact time, although even this may include threats and controlling behaviour. This may explain why some learners gave inconsistent answers over time to whether they had ever dated or not. We do not know if this was due to concealing dating, initial over-reporting of dating, or at some point perceiving oneself to 'have a girlfriend or boyfriend' when the relationship activities involved minimal contact, and then at another point in time reclassifying this as not having been in a girlfriend/boyfriend relationship. It should be noted that this did not apply to all, as others in the same year were sexually active and some had given birth. We classified a learner as having 'dated' if they ever reported this, which may have overestimated dating and impacted on the scope for change in some participants. We are also concerned about overreporting of having had sex by boys. In South African research boys generally report having sex younger than girls and adults are usually sceptical, and so the veracity of sexual activity reports of boys is uncertain [52] [53] .
The generalisability of the study findings may be influenced by a number of aspects of the trial design. The interventions were delivered in the context of multi-component arrangements and it is hard to know if taking a single piece of this, for example just the Families intervention, would be beneficial on its own. It is our opinion from running them that the school clubs are unlikely to have contributed much to the overall intervention effect as so few children per school attended and this is likely to be below the level at which impact could be anticipated. This is why we have not discussed them much in the paper. We would recommend further evaluation of the interventions in contexts where it may be possible to monitor fidelity to the LO workbooks and also to evaluate the Families intervention outside the context of a multicomponent study. The study findings are a measure of the difference in outcomes between the intervention and control arms. We cannot exclude the possibility that the normal LO curriculum resulted in behaviour change, although it would be surprising if the control intervention had a substantial impact.
Sample size calculations in future evaluations of school-based interventions to prevent IPV should use a more modest estimate of expected effect size, need to be mindful of the difficulties in getting parental consent and fully aware of the relatively low levels of conventional dating among 13-15 year olds. One positive recommendation from this study is that very large sample sizes are required to assess the modest but important reductions in IPV incidence that may result from behavioural interventions and the necessary funding should be provided.
There could have been contamination between arms, but serious contamination is unlikely as in this age group children predominantly mix with school friends or family. Our follow up rates were very high and follow up rates were very similar in the intervention and control arms this is unlikely to have biased the results. A weakness of the study is that we only had any follow up to 18 months post-baseline and the LO intervention was rolled out over the whole of the year from January-October 2014 and some of the clusters only finished the Families workshops in October 2014. Thus, the end-line was actually conducted 10-12 months post-the end of the intervention and this may not have been sufficient time for its full impact to be realised. In the literature on IPV prevention it is common for effect to only be seen two years after baseline [17, 44, 49] . It is possible the intervention effect would have been greater if there had been a further round of data collection. However, the trial was only funded for two years of research and we were concerned that we would have much more loss to follow up if we continued to track participants into Grade 10 as there is quite considerable drop out from South African schools at the end of Grade 9 [54] .
The study was not blinded. Obviously, the schools knew which arm they were allocated to, the pupils were aware of what they had been offered and the research team knew which arm schools were in. Data was collected through self-completed questionnaires, however, and so there was not likely researcher bias in data collection. It is impossible to remove any bias that could have been a result of students knowing the study arm they were in or bias in reporting due to use of repeated measures, in a study of this nature. We had some questions that were doubled barrelled and the time frame of reporting varied a little between questions. It's very unlikely that this would have introduced differential bias between the arms.
The impact of the family's intervention on caregivers is indicated by the trends of improved parenting and better reported own health. The reduction in women reported emotional IPV is also valuable. There was no control arm, so some caution is needed in interpreting findings, but the trend validity is strengthened by two baseline measures. The overall picture is of positive impact on families, which supports the reported impact on children.
Conclusions
This under-powered pragmatic IPV reduction trial has shown evidence a generally beneficial impact of the Skhokho intervention on a number of outcome measures, when viewed by both adolescents and caregivers, and their teachers. The direction of effect overall is of reduced IPV and non-partner rape experience (for girls) and perpetration (for boys) for all measures and there were significant reductions in a number of IPV risk factors including bullying (reported by boys and girls), inequitable gender attitudes (boys) and depression (girls). As well as in indicators of sexual and reproductive health including condom use and contraception and in those attending the family's intervention, transactional sex and pregnancy. These positive outcomes were supported by the changes reported by caregivers, including a reduction in female caregivers' own IPV experiences, which is another risk factor for IPV among adolescents. The findings show promise which is similar to that seen in the evaluation of the intervention SASA [44] . Given the context of the intervention being highly scalable within South African schools at a relatively low cost, we suggest further research into Skhokho should be conducted and particular attention given in this to teacher training.
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